Abstract: Natural crude-oil seepages, together with the oil released into seawater as a consequence of oil exploration/production/transportation activities, and operational discharges from tankers (i.e., oil dumped during cleaning actions) represent the main sources of sea oil pollution. Satellite remote sensing can be a useful tool for the management of such types of marine hazards, namely oil spills, mainly owing to the synoptic view and the good trade-off between spatial and temporal resolution, depending on the specific platform/sensor system used. In this paper, an innovative satellite-based technique for oil spill detection, based on the general robust satellite technique (RST) approach, is presented. It exploits the multi-temporal analysis of data acquired in the visible channels of the Moderate Resolution Imaging Spectroradiometer (MODIS) on board the Aqua satellite in order to automatically and quickly detect the presence of oil spills on the sea surface, with an attempt to minimize "false detections" caused by spurious effects associated with, for instance, cloud edges, sun/satellite geometries, sea currents, etc. The oil spill event that occurred in June 2007 off the south coast of Cyprus in the Mediterranean Sea has been considered as a test case. The resulting data, the reliability of which has been evaluated by both carrying out a confutation analysis and comparing them with those provided by the application of another independent MODIS-based method, showcase the potential of RST in identifying the presence of oil with a high level of accuracy.
Introduction
Oil spills cause the contamination of seawater, shores, and beaches, which may persist for several months, representing a serious hazard for marine resources and the ecosystem [1] . Besides natural crude-oil seeps, the biggest contribution to this type of sea pollution comes from tanker operative discharge that spreads in the sea, equivalent to one full tanker disaster every week [2, 3] .
Satellite remote sensing might effectively contribute to mitigating the environmental impact of oil spills, provided that reliable and effective detection techniques are used, and relevant information and products may be quickly delivered and shared. The large number of satellite data used and methodologies implemented/developed during the Deepwater Horizon spill event affecting the Gulf of Mexico in April-May 2010 have been a clear representation of the importance of using satellite remote sensing in response to oil spills [4, 5] .
Synthetic Aperture Radar (SAR) currently represents the most widely used satellite system for oil spill detection, due to its capability to identify oil spills with a good level of reliability and high spatial resolution (from tens of meters up to 1 m) with all-weather and all-day detection [6] [7] [8] [9] [10] [11] [12] [13] . Unfortunately, besides the relatively high cost and a non-negligible rate of false alarms due to the variation of wind conditions, the presence of look-alikes, etc., the main limitation of SAR systems within an operational continuous monitoring system is represented by their low revisiting time, ranging from several days to dozens of days at mid-latitudes [13] [14] [15] [16] . Even the full implementation of the COSMO-SkyMed satellite mission (an Italian mission with both military and civilian purposes) with four X-band SAR satellites in constellation [17] failed to guarantee an observation frequency suitable for operational surveillance activities. Some issues related to military restrictions, data distribution and access policies have, indeed, reduced their actual use for limited time and/or areas [18] . Neither is the full deployment of the Copernicus ESA Sentinel-1 mission [19] , finalized in April 2016 with the launch of the second satellite (i.e., Sentinel 1B), able to assure a temporal resolution better than three days at the equator.
In this context, passive instruments working in the optical band (visible and infrared) aboard weather satellites may be a viable alternative or at least a complement to SAR-based techniques [5] . Despite their lower spatial resolutions (from 30 m to 3 km) with respect to SAR, they show temporal resolutions (from 6 h of polar satellites to 5 min of geostationary ones) and coverage continuity that is more suitable for real-time monitoring of those areas exposed to oil pollution risk. Obviously, such data, which are freely available and easily accessible on the Internet, must be processed using automated methods of analysis able to ensure both adequate response times with respect to the observation frequency and reliable results regardless of the considered areas or sensors [20] .
Several techniques have already been proposed for oil spill detection and monitoring using satellite data acquired in the optical band [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Most of them are based on the analysis of satellite radiances acquired in the middle (MIR) and thermal (TIR) infrared spectral regions where the contrast between the emittance of the oil-polluted area and the surrounding clean seawater is more appreciable. Due to the thermal inertia of oil, which is lower than seawater, oil-polluted areas usually have the opposite behavior compared with the surrounding oil-free seawater, with higher brightness temperatures in TIR images collected in daytime and lower brightness temperatures during the nighttime [35, 36] . Also in the visible (VIS) and near-infrared (NIR) regions of the electromagnetic spectrum it is possible to detect the presence of an oil layer on the sea surface thanks to the different reflectance of the two elements [22, 33, [37] [38] [39] [40] [41] [42] . The main limits of these methodologies are related to their applicability only to particular geometries of observation [32] , and their poor level of automation due to the need for several interventions of an operator (e.g., region of interest identification and visual recognition) [33, [43] [44] [45] .
Among the methodologies working in the optical band, the one specifically applied to oil detection based on the general robust satellite technique (RST), named RST-OIL [20, 26, 27] , has already been successfully applied to Advanced Very High Resolution Radiometer (AVHRR) and Moderate Resolution Imaging Spectroradiometer (MODIS) TIR data [20, 27] , showing excellent performances with a high level of reliability (no false alarm). In this work, the same approach has been extended to MODIS visible bands to exploit their higher spatial resolution (250 m) than the thermal channel (1 km) to improve the detection sensitivity towards small spills such as in the wakes of ships or illicit vessel discharge. Such a better spatial resolution combined with a high revisit frequency may offer frequent and detailed mapping of oil-affected areas. The oil spill event studied in this paper is an illicit vessel discharge from 18 June 2007 off the south coast of Cyprus, reported by the European Maritime Safety Agency (EMSA) [46] , which was undetectable by RST-OIL due to the non-adequate spatial resolution of the MODIS TIR data used for this event. The area affected by the event is shown in Figure 1 , together with a Radarsat image collected on the same day. Three clear, elongated dark areas are recognizable (green ellipses in Figure 1 ) and seem to be connected, indicating the movement of a vessel along a triangular path. Several dark areas with a non-uniform shape are also present in the northern part of the scene, close to the Cyprus coastline, probably due to the sea current, representing a typical example of SAR look-alikes. 
Materials and Methods
The RST approach is an automatic change-detection scheme, which has already been applied with good accuracy in monitoring different natural and environmental hazards (see [47] and references herein). It is based on the use of historical series of satellite data for a complete signal characterization (spectral, spatial and temporal) followed by an anomaly detection step using automatically-generated local (i.e., for a specific time and place of observation) thresholds. In its application to oil spill detection, namely RST-OIL, TIR data acquired by AVHRR or MODIS have been used to detect different oil spills occurred in different areas in the past [20, 26, 27] . In this paper, we use MODIS 250 m spatial resolution optical data for the detection and the monitoring of oil spills. MODIS channel 1 acquires information in the 620-670 nm spectral range (VIS), while MODIS channel 2 within 841-876 nm (NIR).
In one of the first studies based on visible data [35] , the oil spill reflectance in the spectral range of MODIS channels 1 and 2 was found to be greater than the seawater reflectance, but not enough to permit an easy distinction under natural irradiation. More recent studies on optical models [37, 38, 40, 42] demonstrated that the acquisition angle, combined with a particular irradiation geometry, may enhance the reflectance contrast between oil and the surrounding water [13, 22, 25, 32] . One of the main problems related to the use of visible bands for detecting oil spills is that the signal reflected by the oil film is not unique but it may change depending on several factors (and on their mutual combinations) such as sun/satellite geometry and sea surface roughness. As a consequence, oil spill can appear, in VIS and NIR bands, less or more reflecting than seawater [37, 38, 40, 42] . It is referred to as a "positive" contrast when the reflectance of oil spill is higher than that of the clear seawater and as a "negative" one when the reflectance of oil spill is less than that of the clear seawater. In detail, when sea surface is flat, the contrast between oil and sea surface is always negative since the oil produce a reflectance decrease; on the other hand, roughness of the sea surface produces a positive contrast [37] . Concerning sun/satellite geometry, when observing the surface from the vertical direction, even a small surface roughness results always in a positive contrast value: the contrast is most pronounced when the observer sees the oil slick close to the sun reflection (positive contrast) and when the slick is observed at a low angle, almost horizontally (negative contrast) [37] . 
In one of the first studies based on visible data [35] , the oil spill reflectance in the spectral range of MODIS channels 1 and 2 was found to be greater than the seawater reflectance, but not enough to permit an easy distinction under natural irradiation. More recent studies on optical models [37, 38, 40, 42] demonstrated that the acquisition angle, combined with a particular irradiation geometry, may enhance the reflectance contrast between oil and the surrounding water [13, 22, 25, 32] . One of the main problems related to the use of visible bands for detecting oil spills is that the signal reflected by the oil film is not unique but it may change depending on several factors (and on their mutual combinations) such as sun/satellite geometry and sea surface roughness. As a consequence, oil spill can appear, in VIS and NIR bands, less or more reflecting than seawater [37, 38, 40, 42] . It is referred to as a "positive" contrast when the reflectance of oil spill is higher than that of the clear seawater and as a "negative" one when the reflectance of oil spill is less than that of the clear seawater. In detail, when sea surface is flat, the contrast between oil and sea surface is always negative since the oil produce a reflectance decrease; on the other hand, roughness of the sea surface produces a positive contrast [37] . Concerning sun/satellite geometry, when observing the surface from the vertical direction, even a small surface roughness results always in a positive contrast value: the contrast is most pronounced when the observer sees the oil slick close to the sun reflection (positive contrast) and when the slick is observed at a low angle, almost horizontally (negative contrast) [37] .
Starting from previous considerations on oil spill spectral signatures, we applied the RST methodology to MODIS data. In order to identify the "signal anomaly" caused by the presence of oil on the clear seawater surface, two indices were computed (one for each MODIS channel x), as follows:
where ρ x (x,y,t) is the reflectance (expressed in terms of Rayleigh-corrected reflectance -R rc ) measured in the MODIS channel x (i.e., 1 or 2) at the pixel (x,y) at time (t). Further, µ ρx (x,y) and σ ρx (x,y) are the corresponding reference fields (temporal average and standard deviation, respectively) computed by analysing a long-term data set of cloud-free satellite records collected at location (x,y) in the same observational conditions (the same month of the year and the same time of acquisition) of the image under investigation. Flowchart depicted in Figure 2 provides a summary of the different steps implemented to produce the reference fields. Firstly, all the available MODIS-Aqua images of the month of June (from 2002 to 2010) acquired over the area affected by the event in the 9-12 p.m. GMT temporal range were collected. In detail, about 250 MODIS-Aqua data (level 0), downloaded from NASA ocean color web site [48] , were converted to calibrated radiances using SeaDAS V7.3. It is worth nothing that the number of the investigated images (i.e., 250) is higher than the one found as minimum value (i.e., 80) to be representative of the investigated long-term time-series signal by an independent study applied on RST approach [49] . Then R rc data were derived for MODIS bands 1-2 and mapped to a WGS84 Lat/Long projection, producing a subset sized 800 × 800 and centred at 34 • N 32.5 • E (e.g., Figure 3 ) for each pass. Secondly, starting from this long-term R rc series, temporal average (µ ρx (x,y)) and standard deviation (σ ρx (x,y)) reference fields were computed at a pixel level over this area for MODIS channels 1 and 2. Before finalizing such a procedure, a cloud screening test was applied to discharge any cloudy-affected pixel. Cloud-free satellite records were selected by implementing the One-channel Cloud-detection Approach (OCA) [50, 51] using, within an RST-based scheme, the combination of the signal measured in MODIS channels 1 and 32 (11.770-12. 270 µm) at a spatial resolution of 1 km and then downscaled to 250 m. In detail, pixels showing at the same time statistically high reflectance values "AND" (i.e., as a logical operator) low brightness temperatures were considered as cloudy affected. Furthermore, a kσ iterative procedure was implemented at a pixel level to remove possible outliers (known or not) from the investigated series [52] . At the end of this phase, four reference fields (one temporal mean + one standard deviation x two channels) were produced for the month of June. Among them, µ ρx (x,y) represents the expected value (i.e., in unperturbed conditions) at pixel level of the investigated signal, while σ ρx (x,y) describes its natural variability (i.e., the statistical dispersion of the data set values around the mean). Hence ⊗ ρx (x,y,t), as computed in Equation (1), is a measure of how much the signal deviates from its normal behaviour taking also into account its variability. Such an index is, for construction, a standardized variable which should show a Gaussian behavior (i.e., mean = 0 and standard deviation = 1). Therefore, the higher the absolute value measured, the lower the probability of occurrence. Namely, the probability decreases from about 2.5% for |⊗ ρx | > 2 to 1.5% for |⊗ ρx | > 3, and even lower values for increasing |⊗ ρx | values [53] in case of a perfect Gaussian distribution. Therefore, in the presence of oil, which should represent a perturbation of the normal seawater condition, such an index will show high positive values in case of a positive contrast and the opposite (i.e., high negative) in case of a negative one. 
Results and Discussion

RST Implementation
On the day of the event, 18 June 2007, the first MODIS image available for the area affected was the Terra one acquired at 9:15 a.m. GMT. The corresponding red-green-blue (RGB) image ( Figure 3 ) was generated using the georeferenced Rrc at 645 (R), 555 (G), and 469 (B) nm produced for such MODIS-Terra data.
Unfortunately, the whole area affected by the event was covered by clouds, masking the sea surface and preventing a reliable analysis. Owing to the high revisiting time offered by sensors aboard weather satellites such as MODIS, the same area was sampled by Aqua at 10:50 a.m. GMT as shown in Figure 4 (with the same RGB combination of the previous figure). 
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Unfortunately, the whole area affected by the event was covered by clouds, masking the sea surface and preventing a reliable analysis. Owing to the high revisiting time offered by sensors aboard weather satellites such as MODIS, the same area was sampled by Aqua at 10:50 a.m. GMT as shown in Figure 4 (with the same RGB combination of the previous figure). In this image, thanks to the different conditions of the observation in terms of sun-satellite geometry and atmosphere contribution from the previous Terra acquisition, very few elongated areas characterized by a positive contrast are clearly evident, approximately at the same positions of the oil spill reported by EMSA (green ellipses in Figure 4 ). Some clouds are also present, more evident in the northwest corner of the image. By making a spatial profile on the related MODIS Rrc channel 1 and 2 images (depicted in grey tones in Figure 5a ,b) in correspondence to the area within one of the green ellipses (Z-Z' blue transect in Figure 5a,b) , an increase of the reflectance is visible (Figure 5c ), which reaches values higher than the one produced by the very low, thin stratocumulus (signal with a high frequency variability in the right part of the graph). The increase in reflectance is really relevant, up to 0.1 %, which is very high for clean seawater. In this image, thanks to the different conditions of the observation in terms of sun-satellite geometry and atmosphere contribution from the previous Terra acquisition, very few elongated areas characterized by a positive contrast are clearly evident, approximately at the same positions of the oil spill reported by EMSA (green ellipses in Figure 4 ). Some clouds are also present, more evident in the northwest corner of the image. By making a spatial profile on the related MODIS Rrc channel 1 and 2 images (depicted in grey tones in Figure 5a ,b) in correspondence to the area within one of the green ellipses (Z-Z' blue transect in Figure 5a,b) , an increase of the reflectance is visible (Figure 5c ), which reaches values higher than the one produced by the very low, thin stratocumulus (signal with a high frequency variability in the right part of the graph). The increase in reflectance is really relevant, up to 0.1 %, which is very high for clean seawater. In this image, thanks to the different conditions of the observation in terms of sun-satellite geometry and atmosphere contribution from the previous Terra acquisition, very few elongated areas characterized by a positive contrast are clearly evident, approximately at the same positions of the oil spill reported by EMSA (green ellipses in Figure 4 ). Some clouds are also present, more evident in the northwest corner of the image. By making a spatial profile on the related MODIS R rc channel 1 and 2 images (depicted in grey tones in Figure 5a ,b) in correspondence to the area within one of the green ellipses (Z-Z' blue transect in Figure 5a,b) , an increase of the reflectance is visible (Figure 5c ), which reaches values higher than the one produced by the very low, thin stratocumulus (signal with a high frequency variability in the right part of the graph). The increase in reflectance is really relevant, up to 0.1%, which is very high for clean seawater. The signal behavior shown in Figure 5c suggests that the indices presented in this work (cf. Equation (1)) should exhibit very high positive values in correspondence to the areas with such a high increase in reflectance. The outputs produced by the implementation of the two indices are plotted in Figure 6 . In detail, in these images, the Rrc channel 1 (or 2) signal is plotted in the background in grey tones, while only the pixels characterized by the highest ⊗ρ x values have been highlighted in blue. Such a strategy has to be preferred in the detection phase because it allows undeniably identifying the presence of oil-affected areas.
These areas were identified by the proposed approach when using the signal measured in MODIS channel l with a very high signal-to-noise (S/N) ratio value, namely higher than 26 ( Figure  6a ). Considering Equation (1), this means that the deviation of the signal observed at the pixel level with respect to the temporal mean is (at least) 26 times higher than the historically observed local variability, namely the standard deviation signal previously computed. In detail, four anomalous pixels were detected as certainly polluted by oil in the total absence of false alarms. The presence of the oil spill was detected by RST with a higher S/N value (⊗ch2 > 49) at channel 2 than at channel 1 (Figure 6b ). The higher signal absorption by water in the NIR than in the VIS regions explains this difference, enhancing the contrast between reflecting bodies and the surrounding seawater. Also, in this case, the unique oil spill-affected pixel (commonly identified by the VIS approach) was detected in the total absence of false alarms. The signal behavior shown in Figure 5c suggests that the indices presented in this work (cf. Equation (1)) should exhibit very high positive values in correspondence to the areas with such a high increase in reflectance. The outputs produced by the implementation of the two indices are plotted in Figure 6 . In detail, in these images, the R rc channel 1 (or 2) signal is plotted in the background in grey tones, while only the pixels characterized by the highest ⊗ ρx values have been highlighted in blue. Such a strategy has to be preferred in the detection phase because it allows undeniably identifying the presence of oil-affected areas.
These areas were identified by the proposed approach when using the signal measured in MODIS channel l with a very high signal-to-noise (S/N) ratio value, namely higher than 26 ( Figure 6a ). Considering Equation (1), this means that the deviation of the signal observed at the pixel level with respect to the temporal mean is (at least) 26 times higher than the historically observed local variability, namely the standard deviation signal previously computed. In detail, four anomalous pixels were detected as certainly polluted by oil in the total absence of false alarms. The presence of the oil spill was detected by RST with a higher S/N value (⊗ ch2 > 49) at channel 2 than at channel 1 (Figure 6b) . The higher signal absorption by water in the NIR than in the VIS regions explains this difference, enhancing the contrast between reflecting bodies and the surrounding seawater. Also, in this case, the unique oil spill-affected pixel (commonly identified by the VIS approach) was detected in the total absence of false alarms.
Once the presence of the oil spill is detected for certain, the "adjustability" (tunability) of the RST technique allows us to map the intensity and the structure of the detected anomalies in detail (Figure 7 ). By implementing a recursive buffer around these areas, indeed, the full structure of the oil slick can be identified by both indices. In detail, starting from the pixel with the highest anomalous value (H), an ad hoc implemented tool detects as anomalous all those pixels showing a S/N value within the "H-5" range in a 5 × 5 mobile window. Focusing on the area where the oil spill was detected, several different ranges of confidence levels were identified. The lowest range (in green) corresponds to pixels where the oil is less present or thinner, while, with the increase of the confidence levels, the oil presence and thickness should grow. Once the presence of the oil spill is detected for certain, the "adjustability" (tunability) of the RST technique allows us to map the intensity and the structure of the detected anomalies in detail (Figure 7 ). By implementing a recursive buffer around these areas, indeed, the full structure of the oil slick can be identified by both indices. In detail, starting from the pixel with the highest anomalous value (H), an ad hoc implemented tool detects as anomalous all those pixels showing a S/N value within the "H-5" range in a 5 × 5 mobile window. Focusing on the area where the oil spill was detected, several different ranges of confidence levels were identified. The lowest range (in green) corresponds to pixels where the oil is less present or thinner, while, with the increase of the confidence levels, the oil presence and thickness should grow. To better summarize the achieved results, Table 1 reports the number of the pixels identified as anomalous at each of the confidence levels for the two channels. Considering the 250 m spatial resolution of the used data, an area of at least 63 km 2 was recognized as anomalous, which, speculating an average oil thickness of 1 μm [5] , corresponds to about 63 m 3 of oil. Table 1 . Number of pixels identified as anomalous at each of the ⊗chx confidence levels used in To better summarize the achieved results, Table 1 reports the number of the pixels identified as anomalous at each of the confidence levels for the two channels. Considering the 250 m spatial resolution of the used data, an area of at least 63 km 2 was recognized as anomalous, which, speculating an average oil thickness of 1 µm [5] , corresponds to about 63 m 3 of oil. Table 1 . Number of pixels identified as anomalous at each of the ⊗ chx confidence levels used in Figure 7 . The same analysis was performed for the MODIS image acquired the following day (not shown) without finding any anomalous pixels. Weathering effects, as well as the presence of clouds, limited the capability to further detect the presence of the oil spill.
MODIS-Aqua
Confutation Analysis
To assess RST performances in the case of normal seawater conditions (i.e., unperturbed by the presence of an oil spill), a falsification analysis was carried out to verify that, in such conditions, no "false positive" values were detected. To this aim, we first looked for the information available in the main oil spill catalogues available online (e.g., EMSA and the Centre of Documentation, Research and Experimentation on Accidental Water Pollution (CEDRE) web sites [54, 55] ), finding that no other event affected the investigated area during June 2007. Then we applied the indices of Equation (1) to the approximately 30 MODIS-Aqua images available for this period. In Figure 8 The same analysis was performed for the MODIS image acquired the following day (not shown) without finding any anomalous pixels. Weathering effects, as well as the presence of clouds, limited the capability to further detect the presence of the oil spill.
To assess RST performances in the case of normal seawater conditions (i.e., unperturbed by the presence of an oil spill), a falsification analysis was carried out to verify that, in such conditions, no "false positive" values were detected. To this aim, we first looked for the information available in the main oil spill catalogues available online (e.g., EMSA and the Centre of Documentation, Research and Experimentation on Accidental Water Pollution (CEDRE) web sites [54, 55] ), finding that no other event affected the investigated area during June 2007. Then we applied the indices of Equation (1) to the approximately 30 MODIS-Aqua images available for this period. In Figure 8 , an example of the obtained results is reported for two representative MODIS-Aqua images, one acquired before and the other after the event, respectively, on 03 June 2007 at 11:33 a.m. GMT (Figure 8a,b) and 22 June 2007 at 10:25 a.m. GMT (Figure 8c,d) . For both images and channels, no ⊗chx values higher than three were found. Similar results were found for the whole dataset of June 2007, indicating the ability and the robustness of the RST approach to detect only pixels affected by the anomalous presence of the oil spill. Such a result encourages the implementation of operational RST-based products that might furnish an estimation of the amount of oil spilled in a specific area, which could be crucial information for those regions affected by heavy oil-tanker traffic.
Discussion
Timely identification of oil spill events can be fundamental for reducing their environmental impacts, implementing adequate countermeasures and providing detailed information about their evolution in the spatiotemporal domain [56] . Weather satellites, usually working in a constellation, can provide the revisiting time useful for such kinds of applications. Considering that, in the oil spill detection context, these satellites acquire information in the optical band, it is worth noting that the main limiting factor is represented by clouds, which can completely mask the sea surface, hampering any kind of detection. Other issues derive from the usual low level of difference, in terms of radiance reflected or emitted, between the oil-contaminated area and the surrounding oil-free water, which deserves the implementation of very sensitive methods. The results presented in this work seem to indicate that RST can be confidently used for first detecting for certain the presence of a spill, and then mapping its structure. It should be stressed here that a fundamental requirement of a RST near-real-time implementation is the availability of adequate reference fields for a specific area of interest that, as previously mentioned, relies on the availability of a historical dataset of satellite images larger, at least, than 80 records collected for the same month over different years [49, 52] .
To further assess the accuracy of the achieved results, the event image ( Figure 4 ) was analyzed implementing the Floating Algae Index (FAI) following guidelines indicated by [33] . FAI was calculated using R rc at 645, 859, and 1240 nm [57] . These wave bands in the red and infrared regions are less sensitive to atmospheric effect and the presence of colored, dissolved organic matter (CDOM). The corresponding FAI map ( Figure 9 ) generally indicated higher values in the oil-contaminated areas than in adjacent oil-free areas. It is also worth noting that at the edge of the wind-driven feather of oil slicks, the FAI in the oiled water was lower than in the non-oiled water. This phenomenon could be related to the thickness of the oil slicks. Thin oil sheens indicated low FAI values as demonstrated by [33] , while thick oil slicks forming mats floated on the surface and indicated high FAI values. R rc spectra (data not shown) over the contaminated areas did not show chlorophyll-a fluorescence peaks in the red region which can be clearly distinguished when algal blooms happen. This corroborates that algal blooms can be ruled out of the causes of high FAI values shown in Figure 9 . On the other hand, it can be seen that the FAI over land is much higher than over water with values generally >0.02, and areas with FAI < 0 are due to water such as reservoirs. A general good agreement exists between the FAI map and the results provided by RST, indicating the potential of the latter in giving reliable results. It should also be pointed out that the texture of oil spills is different from that of algal blooms. However, these two phenomena are, to some extent, related. Oil can kill snails and other algae grazers, which is then favorable for a period of unimpeded phytoplankton growth [58] . The algal bloom in 2010 in the Gulf of Mexico after the Deepwater Horizon oil spill is one of the examples across the world [59] . 
Conclusions
Exploiting the intrinsic exportability of the RST approach to any satellite data, in this paper we applied it to MODIS records for the detection and the mapping of oil spills. In particular, higherspatial-resolution MODIS data (250 m) in the first two channels have been used. The results obtained show, also in comparison with those achieved by implementing another MODIS-based independent method, the feasibility of such an attempt. Anomalies with a very high level of confidence were detected using both data acquired in MODIS channels 1 and 2 in correspondence to a positive contrast between the reflectance of the oil spill and seawater. Such a feature allows us to map the oil slick extension and structure (i.e., the relative thickness) accurately. In addition, the reliability of the proposed approach was further assessed by means of a confutation analysis, which indicated the absence of any "false"-positive anomalous signal when no oil spill was likely to be present. Although further studies on additional events and under several observational conditions must be carried out to better evaluate its actual potential, even in the presence of in situ data which could allow its full assessment, especially concerning its mapping capability, these first outcomes encourage us to continue the research in this field. In particular, the generation of operational and reliable products may represent a useful tool especially for heavy oil-tanker traffic areas to evaluate the amount of oil spilled in such regions, provided that information about slick thickness is also available. Besides, concerning possible future methodological developments, using atmospherically corrected radiances instead of Rrc might improve the accuracy of the achieved results for specific local conditions, but with a decrease in the comparability of the achieved results among different geographical areas.
In the future, MODIS data could be coupled with those provided by other sensors, such as the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIS) aboard Landsat 8, the Visible Infrared Imaging Radiometer Suite (VIIRS) aboard Suomi-NPP, as well as the Multi Spectral Imager (MSI) on the Sentinel-2 satellites and the two sensors aboard the Sentinel-3 satellites (i.e., the Ocean and Land Colour Instrument (OLCI) and the Sea and Land Surface Temperature Radiometer (SLSTR)). These data, offering higher performances in terms of spatial and spectral resolutions than MODIS, will help in further improving the overall relevance of the achieved results. Furthermore, the integration with SAR data will allow the implementation of a multi-sensor system, which, exploiting the specific advantages of each single technology, will be able to guarantee a near-realtime sea monitoring system useful in helping the local authorities with the timely management of oil spill risks. 
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